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M.I.WINOORADOPP 


EVAPOR - lOM PUMP 

ETmpor>lon high racuua tltanlun puapa dasoribed first 
by American authors attract attention thanks 

to the absence of working liquid and the poeelblllty 
of avoiding cold traps. 

The pump iescrlbed below is similar to the American 
models, but is notable for the design of evaporator 
aiid ionizator. Titainium evaporation is going on from 
the surface of a liquid titanium drop. This moment eliml- 
notes deterioration of the evaporator with liquid titanium 
and allows to evaporate sufficient amounts of titanium 
without replacement of evaporator. 

I'or the gas ionization the pump has a simple design 

of 1 nizator without grids which may be covered with 

on tensed titr.nlun. The ionizator is like a big 

( />\ 

tron gauge , but has a supplementary hot cathode 
wnlcli alloys the pump to work at low pressures. 
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FIG. 1. The sketch of the high Tacuus oil- 
Tapour puap with a puaplng speed 
of 5000 llt/sec. 

In the puapa of a like design there always exiata a 
certain fractionating of the operating oil during the woxlc- 
ing prooeaa. It occurs beoauaa cf the atoas oil flow whish 
getting on to the oooled walla of the housing oondanaes 
there. Then the condensate at first flows domi to the 
perifsral sons of «»e hollar and only fron there penatratss 
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Into tho central Kone uhlch feeds the upper hi^jh vacuum 
no-.:/lo v/lth vapour. In the ,;iven pump the fi'aotionatinf* 
is intenoif led. 


^ 

_ *800 
*855 

_ *380 



PIG,?, The sketch of tho fractionating 
ring device of the 5000 llt/seo 
pump 

At the bottom of the vapour tube there la a ring devlca 
(ri.;. ?) intended to speed up the prooaaa of the oil 
fraotlonatlng. 

The tntenalflootlon of the above prooaas improves the 
ultimate vacuum and shortens the time of its reaobing (Pig, 3). 
It la experimentally found that tha intensifloation of the 
oil fraotioning lead* to the deereass of the oil vapour 
flow from the pomp to the evacuated vessel. For examplti 
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a fell';: pump speed of ?5000 lit/eec with th® ring 

fractionating device lias an oil migration a.;..ounting to 

ri X 

, cm^/liour and witliout nuoh device . lOcru 



FIG* 3* The ourv® of ultlaats vacuua reaching 



FI0.4. A aodsl of oil oatehlng dsTios to bs 
plaesd aboTs ths puay upysr aas^a 
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Thr oil oatchin.’: device shown in Pig. 4 is a cone cap with 
a vatcr cooling pipe soldered fron the outside. The cap is 
fixed on tho oteol fl mge having outside two nipples for 
enniiccting it tc the cooling oyctnn. When assenbled with 
the purop the cap covers the upper nosale (Pi/,.5») 



Tho »ounting ekotoh of the oil 
oatohing device 

The functionint5 of the oil catching device la baaed on 
the following principle: tho velocity of the vapour flow 
behind the nosale hao conponenta porpendloular to tho nossle 
axle. Therefore, a part of the vapour flow oontalna aowe 
linoa of vapour currant directed to the aide 

oppoaite to the gna flow. Thla portion of tho vapour flow 
ulnost without disturbing the punplng la the naln aouroa of 
the vapour flow of the operating fluid penetrating into the 
evaouated vaaaal, 
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FIG, 6, Dlagraffioatlc repreaontation of the vapour 
flow froB the nozisle of the hltjh vaouua 
dlffuRlon puop 

The cooled cone oup of the Viipour^catchlnif device 1# 
imBoreed Into the flow eo as to intersect the baoketreanlng 
current lines* The part of the inlet section of the punp 
additionally shadowed with the cap is so anall that it doss 
not cause any ooneiderahle decrease of the puBp speed (104l5^^). 
Thio together with the slBpllclty of the dsslgii and Baking 
shove the advantages of this device as conpared to the 
known ones. 

Kodsl oll-oatohlng devices fron 10** to 10* tinea deoreaaa 
the oil flow fron the pnnp. 

•6 

The ultinats vaouun rsaohing is approxlnataly ?*10 an 
Beronry. In other words the effeotiva punping speed squala 
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zero. However, sonetliucs it is nccei.sary to have a better 
vacuum than ?.10“^rriB mercury. Then a cold trap is edaed to 
t)ic punpin^; unit. The ultlnato vacu’ini reached with the addi- 
tion of the cold trap which la cooled with ll*iuid nitro;;on 
( t « -I'iJ' C) improves respectively and roaches 10“'rr;ni mer- 
cury. 



FIG. 7. Ths oold trap cooled with liquid nitrogan. 

The trap (Fig. 7) roprsaanta a ast of baffla platsa ovsr^ 
lapping tha puap inlst aaotion and anavara tha daaanda of an 
optloal baxTlar. Shown la Fig.%a rslatlwa displaeaaaat af 
two rows of ths baffla^plataa with a simltaaaoaa snlargaMSit 
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of t'ift fipjAoe between them as compared to the usual, allov.s 
to Innreaee the pump conduction up to r5-30^^, depending on the 
area of the overlapped channel and at the same time to n lin- 
tain the optical barrier. 


A ' k 2 



FIG. 8, The sketch of constructing the 

baffles of the Increased conduction 

1 • Cotsironly used baffle plates without 
optical paths; 

? •> Displaced baffle plates without optical 

pa^s with the ease space between the plates^ 

3 • Baffle plates with optical paths and an 

enlarged space as coapared with the usual; 

4 • Displaced baffle *latee with no optical 

paths and an enlarged epaoe. 

The sketch of constructing such baffles with increased con* 
ductlon is given in ?ig.6« 

Nitrogen is supplied to the central tube of the trap (Fig. 7) 
by aews of ths bent feeding pipe (3). The ▼ertiosl part of 
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it par.3e8 throu;th tho plug into the vosael vith nitrogen. Under 
the inriuenoe of the overpreoBure produced In the veseel by 
nitrogen evaporation, the nitrogen through the bent pipe comes 
into thf central pipe and evaporates. 'Then it vaporo through 
the adjusted aperture ( 4 ) Ml volatlliaea into the atmosphere. 

-hn safety valve (b) of the feeder .«d adjuatln,. outlet 
aperture ( 4 ) allow to maintain the vessel pressure and nitrogen 
connuraptlon constant. The outlet throttle and safety valve 
being correctly mounted, the liquid nitrogen sputtering la 
eHmlnated and nitrogen consumption becomes negligible. 

The trap together with the feeder allows to supply liquid 
nitrogen to the trap directly from standard Dewar veeacla or 
tan'<8 used for its transportation. 

If a centralized lleuld nltreg«, feeding of a conelderabl. 
nuirbiir of cold traps is neeeesarp aa, for exaspls, in the 
I '.nvlng unite of accelerators of grest extension, each trap 
oon be provided ,1th . eeparete sasll-.lse ll,u.f,., (Plg.9). 

The lutter la fed free a oosson ooBpreaaop with gaaeoue nltro- 
«eo (clr) oonpreeaed up to 200 ats. tl,uld nitrogen formed et 
the llquefjrer noesle goee directly to the central part of 
tS» trap .here It ewsporataa. The plaoe of the liquid nitro- 
gen forsatlon and ooneusptlen being the aane, the liquid 
nltrog<m loos becomes negligible. 
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?I0.9. S«all-«lse liquafyav 

(a) irounted on a piaaplng unit 

(b) asoenbled with a trap 
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Distributlois the gaseous ooaprssssd nitrogsii among ths pusp- 
ing units bj sssns of saall disaster pipes is auob easier and 
nore eoonoaiosl than the liquid nitrogen distribution ths loss 
of ehioh in intemedists tanks and ▼olunes is rerp great* Tor 
exasple^ the loss of nitrogen in lOO-aeter ieolated mooua piping 
anounte to about 50i. 

The external ▼ies of a aodel punping unit is shown in fig* 10* 
It oonsiste of a high Taouun puap with a hjdrorelajr^ assoeiated 
with the heater, an oil oatohiag devise, a high raeumi gate, an 
intemediate head to he eonneoted to the ehaaber and a wheeled 
fraae. 



PI0.10. A aodel panping unit baeed on the $000 lit/ees 
high Taouun punp 


(a) without a cold trap; 

(b) with a cold trap fed by liquid nitrogen fron 
a standard ])ewar Tsssel* 
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A nercury ynpour puaplo^ unit la nountad in th« wnj. 

In the narouxy rapour units usually in front of ths cold 
trap ( t --19?,6®0) ths ssoond trap ( t • •36,6®C) la plaoad. 
(SsS| for szaapla, Hugh R.Salthf Ths Tsohnology of Largo 
Merourj^-Punped Vaouua SyatsaOi Taouua tuaposlua Troaaaotlona, 
1954). IIowsTsri using ths abors dssorlhsd aator-ooollng 
▼apouivoatohlng oons oap aaksa this ssoond trap nansossaavy* 



?IG. 1 1 * Ths vapour»catohlDg oap In ths 
aottth of a ■eroury^raponr pwip 
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The Tapour-oatohiie cone oAp aouated ia the aaath of tho 
neroury-Tupor puap with a apaod of 5000 lit/aoo lo ohowa 
io Pig, 11. On the inner purfl^oe of the paap hoaeiag oae oaa 

* layer of aeroury ^he upper boundary of which ia 
on the lerel of the oap oat. 



PI6,12« A eeriea of hi^ waouua oil rapour puna 

o|ooo*ii?/SiSf *‘’*** 

on and aarcurr puaplng untta with dl/fairant puaplag 
speed (froa 100 to 25000 llt/oao) are bain* aaal. Thalr 
design is like ths deserts bsd sboTSa 

Pig. 12 deaonetratea a aeriee of hi^^owaouiui oil-rapour 
bUBipa with a puaplng opeed froa 100 to 8000 lit/aao, and 
Fig. 13. shows the Taouua gates need la the unite with theaa 
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piuq^a, Tha gataa o§n hava both aaimal and raaota ooatvol. 



FIG. 13. High Taeuua gntoa for a aariaa of tba piaipo with 
a apaad of 100, 500, 2000, 5000 and 8000 lll/aoo. 

(a) dlreot; 

(b) with an intanadlato albow aockat. 
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BAln teohnloal date ot olX— af# &a 

litarmtert (••• Sarlnaky, 3,4, , -teirotete/a tetetetoila* 
Wo. 5 (1955); High Yaouua Equipaant, YaouiiB, r.XT, «o*9| 

3?6 (1954). 
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S. A. Vr-KSIIINSKY, !.M . WiUiGHIKOV, 
I. S. RABINOVICH 


HIGil VACUUM PUMP3 AND UNITS FOR 
ACCKLi'RATORS 

'■’ifrXi vacuum punpa for ancelorutors should he pro- 
vided with some spnoial devloes to prevent the vapour 
migration of the operating fluid (oil or mercury) from 
t)ic pumps into the vacuum ohumbers. These spooial devices 
should function without cutting down the pumping speed in 
the rungs of the order of 10* mm meroury. 

The following report gives the dssorlption of the 
specific oharaoteri sties of the devices whioh are used in 
the high vacuum pumps for the accelerators designed in 
the USSR. 

Among the routine oll.vapottr pumps the pump with a 
diameter of 380 mi and a pumping speed of 5000 lit/seo is 
the most common. The oonstruotion of this pump closely 
resembles the pump used for the 10 BeT synohrophasotron 
(Plg.D. 

There are two high waouum-stages and a final Jot stage 
in thie pump. The latter being able to withmtamd the 
baek pressure of more them 100^ mereusj, the high vaouum 
pump oam be directly eenmeoted to the forewmemua. 
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Pu»p Arranjtwnt 

Mg«1 r«pr«Mnt® th« stotion of eTapo^-ion paap* 



71(5.1. The section of punp 

1 — evaporator j 7 — feeder: 3 ** anode of 
ionlzator; A - cathode of lonlzator; 

5 - housing; 6 - lattice screen; 7 - baffle; 

R - solenoid. 

The pump housing la a stainlesa-steel tube with water 
cooling. The upper part of the housing contains the 
evaporator. The feeder with the titan wire stock is 
placed under the evaporator; the evaporator and the puap 
iiouslng serves as its outer electrode. There is a baffle 
i.etween the lonlzator and the evaporator to screen the latter 
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froB the eleotrio field. The baffle has a rinK out lo 
paea the rapor. 

The puap inlet la closed by aeane of a reaoTable lattice 
screen which prevents tltanlna algratlon Into a ooliiae to be 
exhausted. Conventional vaouua rubber is used for listen- 
ing seals. 

The titanium evaporator (Pig.?) represents a aolybdenua 
rod fastened in a cooled holder with a titanium drop aelted 

on the rod top. 



5 




T 




7ig.2. Scheme of evaporator 

1 - cooled holder; ? - nolybdenum rod; 
3 - titaniuB drop; 4 - cathode; 

- titaniuB wire. 
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Th« tungsten wire ring sathode placed uadsr tha drop 
is used for heating the drop by neans of eleotrM bonbard- 

cent. 

When at worb only the lower part of the drop is naln- 
talned in liquid state. At the place of oontaot with the rod 
the drop renaine solid because of sufficient heat dissipation 

through the rod. 

The tltanlua wire is fed fron below into the liquid part 
of the drop. The power of heating is to be kept constant 
to realize sentioned condition. The power stabilisation 
presented some diffioulties. 

The evaporation rate from the tltjinium drop lies in the 
range 4+10 og/min. 

Instead of the molybdenum rod with a melted drop, a zir- 
con rod csn be used, its lower part being kept in liquid 
state. In that case the evaporation fron the liquid solu- 
tion titanium-zirconium rates 0+3 ng/nln. 

The evaporator life is defined according to the rate of 
contamination penetrating into the drop from the wire or 
froc the gaseous phase. At usual conditions the evaporator 
life lasts up to 500 hrs. Over 150g of titanium can be 
evaporated during that period of time. 

The feeder accomplishes the intermittent feed of wire 
into the evaporator. There is a danger of wire Janming in 
the guiding tube due to filling up of the tube orifice with 
vaporized titanium. That danger le diminished owing to the 
une of the drop evaporated at constant rate. 
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The feed of wire i 0,5aB ie wohiered by weaiui of roller*, 
one of which being rigidly coupled to a ratohot, aotod upon 
by a puoh-rod. The puoh-jrod le lifted by an eleotrcmagnot 
operated periodically by a tiaer. The wire feed aaounto 
to biT'i.'. per one pulse. The guidlxig tube ie put aside froa 
t*ic evHpom.tlon spot for the tlae periods between pulses and 
is practically not covered with titaniua. The tube is set 
under the drop only for fred and le at once taken back. 

The vaporiy.atlon rate of titaniua being 5ag/BB the tube 
remains under the drop in the doposita aoas y30 ♦ V20 part 
of full \»orklng tlae. 

The feeder gives out more than 150g of vaporized titaniua. 

The ionizator in designed as a separate block of the 
pump. This block represents a cylindrical magnetron with 
reversed polarity. As a conventional magnetron thla device 
a. lows to get a oonsidorr.ble electron density in the die-' 

(^.1. r.^e gfip, but contrary to the usual magnetron the positive 
ions are pushed outside. 

The Walls ol t)ie housing covered with titanium serve 
lip ,i.n outer negative electrode. There is a cylinurical 
anoio uipJor high potential mounted along the axis of the 
ionizator, 

A small hot cathode placed near the pump walla acts as 
cu electron source. The ionizator is surrounded with an 
outer coil creating longitudinal magnetic of the order of 
1 ">0 oersted. 
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The discharge current of the ionieator does net exeeed 
1 at 10 kT of anode potential in the woriring pressure 

range. Power dissipated froa the anode aaounts to 10 - 20 

watte respeotirelj* 

Working oharaeterletioe of pump 


The erapor-lon puap is tested with a test done which ie 
conaeoted to the Inlet pump socket and contains gauges and 
a leak valre. 

Preliminary experiments confirmed data concerning 

the hi<:^h pumping speed (of the order of 10^ ♦ 10^ 1/seo) 

pome gases I s uoh as: hydrogen, nitrogen, oxygen, carbon 
mono- and dioxide. 

?he speed of water vapor pumping is found to be of the 
same order of magnitude. 

Vacuum characteristics of the pump 


1. r^tarting fore-pressure 
Ultimate pressure 

5. Time of reaching vacuum 10"^ mm ig 
(from pump switching on) 

4. Pump speed at pressure 10“ mm Tig 

(a) hydrogen ^OOO l/seo 

(b) nitrogen pooo l/sec 

(c) air 1500 l/sec 

(d) argon 50 l/sec 


1 . 10*”^mm Ilg 
3. 10“®mm Hg 

10 + 15 hr 


Pigs. 3,4,5 represent the pumping speed of nitrogen, 
hadrogen and argon versus pressure at the rate of titanium 
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eraporation 5 Bg/aln. 

The curre of speed for hydrogen extends far into ths 
range of high pressures In oontmst with n "nomsl* currs 
for nitrogen. This phenoaenon seeas to be eonneoted with 
high speed of diffusion of hydrogen stoas froa the surfaoe 
into the depth of condensed titanluB| the speed of 
diffusion being coapared to that of hydrogen entering the 



Kig.5. The pumping speed for nitrogen 



71g,4. The pumping speed for hydrogen 
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Fi8«5. The pumping speed toT srgon 


"[•he above nentloned ohairaoterietlos show the poasibllltj 
of using the described evapor-ion pump and similar pump with 
pumping speeds of 2000 and 20000 l/seo for hydrogen in 
accelerator vacuum systems. 

: vapor-ion pumps aj-pear to be profitable, if a vac uum of 
about 10” ^mn Hg ie required without traces of working 
fluid in the volume to be exhausted* 
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